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(54) LIGHT-EMITTING ELEMENT 

(57)Abstract: 

PURPOSE: To obtain a charge-injection type light-emitting element using a p-n 
junction, which can be used for optical communication, a self-light emission type 
display, a light source, an optical integrated circuit and the like using porous 
silicon. 

CONSTITUTION: In order to accomplish a charge-injection type light-emitting 
element in which p-n junction is used, it is necessary that holes are injected from 
a p-type semiconductor and electrons are injected from an n-type semiconductor 
into a light-emitting layer, and they are recoupled on the light-emitting layer. 
Therefore, porous silicon is formed on a p-type and n-type single crystal silicon 
substrate, and amorphous silicon carbon, containing fine crystal having the 
conductive type different from single crystal silicon, is deposited on the porous 
silicon. As a result, a charge-injection type light-emitting element, in which p-n 
junction is used, can be obtained for the first time using a silicon semiconductor. 



Ca) 



I TO 




Am 





W 7 ^ M\2L»**> 



LEGAL STATUS 

[Date of request for examination] - 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiner's 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



http://www19.ipdl.ncipi.go.jp/PA1/result/detail/main/wAAA9waOsDDA4052065H 2006/03/03 



(19) B*S«Wf (JP) 



(12) & m 4# pf & $g <a) 



#H§¥5 -206514 

(43)&BBB ¥^5^(1993)8^130 



(51) Into. 6 
H01L 33/00 



A 8934 -4M 



F 1 



mm&* *is* at*s©& i (^ 8 h) 





^S?4- 34507 




000006655 


(22)Hil£B 


W£4^(1992) 1M24B 


































(72)5fc9!# 














* 










(72)^^ 










n&wymmm-mmmi 5 tb io# i 






















(74)ftMA 


#3± ¥BB BJ3 



(54) [fgl^fclfc] fgftigT 



(57) mm 



(a) 



(b) 



I TO 







/ 







\ 

An 



)TO 



A i 




—69— 



(2) 

1 

[0 0 0 1] 

ytmT. mzx>n&&*m^?tmfi&xmfz%m=?> a io 

ED) K:|irr£t>CDT&5. 
[0 0 0 2] 

M*?Oiirai^ntV^, b*U 19 9 0 
^ L. T. C anhamfc«*:D4Mea5'Ua>£#« 

^ 7 1 >X ^ t ^^nfc (App lied 
Physics Letters 57, 1990, 
p. 1 0 4 6) 4 lO^tll y'j3>TM*»W «?0 

[0 0 0 3] 
[0 0 0 4] 

[0 0 0 5] 



$SI8¥5-2 0 6 5 1 4 

2 

[0 0 0 6] *«9i*Sttpffl*fcttnai*JSJl^ l J3 
>S« (®^f& (111)^(100), !fitt*0. 
05-50Qcra) cD±|c$5#gT&5#ftft^U 3 > 

ao =0 : i-i o : i<d*»*+t, RMfcJMBas' 

m» -2 0 0mA/ cm 3 <Z)«SS£WLJ|MSft5'U a > 
^iDXT-S^SO T3 0#>~1 OftmWkML, *<D&n 

m&tt\±i>m¥mfrti,Tmw>}z#*y7 (2. 0 

-2. 4 e V) (lO-'-lO 1 S/c 

Sr^TL® > U n >± KJftWT $ £&8Fft p n 5 
[0 0 0 7] LED»«T*«fc3ft&*fcpn»&«P 

[0 0 0 8] 2ineifctJViT*3BW#&tt«««B«*ff 
■^fc. pffl*JBB>'U3>a«&«V^«-& 

Ktt, wstt (in) W(ioo) *1t\tt&&i& 

0. l-4 0flcm(Dpi*|Sii/U3>^K 

;Kf : #R (4 8 %co**g*0t) =0. 1:1- 

5 : 1 <0#S$**T««HBg5 — 5 OmA/ cm 1 „ f& 

*»&*aK->U3>»'vA»KjE?L*«ttAT?€r» LED 

/£Lfco m^lr-T^n Kd>^7XyCVD 

&£J:D. #X£E0. 0 1-0. 0 5Torr, ISI 
S150-3 5 0 6 C, &A«:fc2 0 0 — 3 5 0 W, S 
i H4 : CH4 : PH3 :H2 =1:1:0. 01:2 
00-1:3:0. 01:200 fc:feV>T*l6lt£<&# 

# >R^ 5 #?L@ y'Ja>± clWAff Ira ATf * 
[0 0 0 9] SSlc, na*feiy'J3>SS^ 



—70— 



(3) 

3 

tLTPH3 <0ftjb9fc:B2 H6 £ffit^ntf n^OlfclS 
[0 0 1 0] ft*3v ±f2l^b^LED^fflpJ|g^* 

4 0 Q c m^a^t^ tSfi(DStt^ < ^ 0 > 

*?L@ is U 3 >^&8F icm^f A $ *l& < ft: 5 fc *&T 

JVTJin-jV : #ffi=0. 1 : l£ttlrft«4:lftSftj5£ 
(D&£D£?a<Z>*:&, #ftgvU3>a^-irT?#fc^ 
1t$>~Z&Z>o tgSftESKT^TfcJu 5 0mA/cm 2 £ 

C VD&©#XJEfcrH>Tte, 0. OlTorr^SST 
f*x y ^ > ^3&«TT Jft<0#?LH x U n > tc ^ ^ - ^ ^ 2? 
#>l£]fc<!6T<fe£« 0. 05Torr$ix.5 

^tkju i s o • c*ftTtt«ma«$4rt-£#M 

^Un>^-^>^$j^pj^^r), ^3 5 0° C 
[ooii] piifdini^f^^fts 

2. OeVCDWT, it$10- 5 S/cmtI^M^ 
[0 0 12] 

[«tt«0 KTfc*«§a©*««jc^v>T, 0 1 
(a) , (b) % m2 (a) f (b) , 03, 04, B 

5 (a) , (b) &&misTwmrz>. 
[0013] mmmi 

1 (a) «p^#^a^U3>S«S:ffiV^c*^(D3|c^g 



4$&1¥5- 2 0 6 5 1 4 

4 

( (10 0) ffi, fi$t$3-5Qcm) ©MUCAufc 
bfc^8B#£f&V>T7^;*TVX^£U 132 (a) 
m =1 : l©S**fc*-r. &fBMNNR*Jflfr>. 

«a«nca*«a«#w-, -ta>B««fc#<aas/u=i> 

SfiSWt^. C0<t5l:L/Tt^3OmA/cm J 
K@£Lifo3#ffil8ffi<b/S£fTofc. ^C0«KOHS« 
IC 3 ftfflB L^FLHv- U 3 OTOMMi 0 Ht 

ifc# L fcMW-f * p h p >^ig^^Xv CVDSI 

i:Annaic!)«8*mw#M->U3>*-#> 

RSI 5 0A*«bfc. *«*#ttjtfXflE0. 05To 
r r, SA@^ 3 0 0W, S i H4 : CH4 : PH3 : 
H2 = 1:2:0. 0 1:2 0 0, lfiig3 0 0 9 C 

M>^Af>f>t^F (I TO) ^6 0 0A« 

[0014] mzizzco&oizisTft&hrzmT&nm 

mmfrtii&tt. I TO«Hcft«JBE«BUnL,fc»'&*«IB 
JE«ffi*H«llUifc«*#JlttrrtIi:, &#fc&86 
»tt*t»snTii*J:i^6. d(^)CtJ;D, p£! 
#^a^« fc #7LK U 3 > £ n 

stu pffl»«aa«^'&#aH^ , j3>^iE?L3&«*fc 
n a com*! a « «rr * # an u 3 > a> s « 

[0 0 15] ^5 (a) I TOfc&lCl 0 V<Z>:ftMUBS£ 

lift! 6 0 0 — 8 0 0 nm^oL 
[0 0 16] H3S0U2 

nffl*«Sa^U3>*«&ffl^fc»&T**. 0 
1 (b) ttn S»Ba^U a >SS*«^fct6©*8 

( (10 0) H» S*t* 3-5Qcm) <DffM\ZA i 

3-JP:*K (4 8%^*fiS«) =1 : l©»«+fcS 

■ecDBSfflJ{Cn^->U3>»ESmtS. ^ODJi^fcL 
T@«SS3 0mA/cm l lC@^b*?J 3 ^KBffifk^^ 
frofco 02 (b) ^"Tcfc^fc, &HWzsV 

3 >&i&f&?z>m\z* >^T>7>^^i»bis 

fb^^fro^o -tO«KOH»«t3»waU*?LH^ 

n>*«^XvcVD8@ ir xn p a ©ftilSa Sr^W 
n*M^'j3>*-*>R61 5 0AJ«abfc. * 
«*frtt^EE0. OSTorr, ftAt*3 0 0W, 
S i H4 : CH4 : B2 H6 : H2 = 1 : 2 : 0. 0 



(4) 



4$E¥5- 2 0 6 5 1 4 



1:2 0 0, S«i&fi3 0 0° CT»5. &K:«?fcf- 

[0 0 17] m4\ZC(D&5\Zls-Uttf&\srz&?C0m& 
MM*tt£jK"r. ITO«fciE«BE&B«nU?t*^IB 

[0 0 18] 0 5 (b) \Z I TOW' 1 0 VcOjE^EE^r 

tei&5 0 0 — 7 5 0 nmT&^fco 
[0 0 19] 



\Z !>yU3 >^iidi IT < * *> o £ n*> a 
[HMOfflm^ift^] 

[01] (a) ttpi¥eSyUn>Sfi^V^«^ 
C02tc%^C0^^©«iiK, (b) ttnffl*«a^U 

[H2] (a) , (b) \tmmimm*mw~r*it&<D 

0T&-5. 

[0 3] 58*^©«BE««»tt**i-0-e**. 

[04] asMas^owEEmtwtt^^rH**. 

[05] (a) , (b) ttITO«fcl 0V<3IE«JE£ 



[0i] 



[02] 



(a) 



<a> 



I TO 



(b) 







L 







TTT/ ~ 



Au 




i 

A 1 




97^ 



<b) 




—72— 



«> ~i 



(5) 4$Bi¥5-2 0 6 5 1 



[H3] [H4] 




10 



to 



—73— 



(6) 

ims: 



^5-2 0 6 5 1 4 




HlfcHBJ ¥*4*F5 J3 1 9 H 

i^mmm i ] 

[ffiiE^^S*] 0 0 0 8 

\Z\Z, mijik (111) &Zfi (10 0) sfett&nt* 
0. l-4 0QcmOplffiie/Un>S:ffl^ XrP 
)\,T)),n—)V : (4 8^*^flO =0. 1:1- 
5 : 1 O^gl^Ti W 5 - 5 0 m A/ c m l , fft 

iftmn i - 5 wr^AH^u n 
fr$ttvii'V = >m^&»\zmiLimA-c&* led 

iELfc. S^tM^n ho>^qg^X"7CVD 

j*KJ:D, ffXJBE O. 001-0. 0 0 5Torr , g 
150 — 350° C, aXi* 2 0 0 — 3 5 0 
W, S i H4 : CH4 : PH3 : H2= 1:1:0. 0 
1:20 0-1:3:0. 01:20 0 lC*5^T«*§il 



[#J»»iE 2 ] 
[*t]E*f&#SSI*] 9!*^ 
[*iE#&Si@£] 0010 

[0 0 10] ft**, ±«Efc*L/tLED#«sJWfBfc* 
4 OQcm^S^^tS^COffitri^iiiO^O, Sffi^S 

u n >^&$? fcttnw&A $ n& < & * it «e>r 

)V7)Vn-)\,im&=Q- 1 : l*^tC^^tKffift:^ 
fc«>T?&*. tMBBBKOV^Ttt. 5 0mA/cm* £ 



-.4 



CVDffiOtfXffK^Tte, 0. OOlTor r^SS 
£^*££:fi?>T&£. 0. 0 0 5To r r 

icav^T«, i5o° c*»Tttflnsa&d«-r*#a 

[^iR*§IE3] 

[»ie*««s*] ooii 

[0 0 11] fc*. pS*&«nS©«BB*#*rr* 

2. OeVCD^fT, ^S^l 0- 5 S/cmt«jgS^"& 

pH^fc«n^co#aH->U3>^^Tt>I^316<j 
®HS/U3>, *aK5/U3>*fc«B»^#T** 

[#«»iE4] 

[MjEM*aa«] 0013 

[0 0 13] ftttfll 

*i\ pffl*<8ay»j3>»K*«ir»fc»&T»*. ia 

1 (a) ttpffl#««^U3>aeR*fflV^«^<0*5B 
( (10 0) ffi, Sia^3-5Qcm) (QgjC Au, 

U B2 (a) fciftTiSfcX^TAci— : »B 
(4 8 %©**») =1 : loJBMiMT. 

©^KOH^HlfiiLMKv' "J 3 ><D«ffi6WF 



4$BB¥5-2 0 6 5 1 4 

U3>#-#>R£1 5 0A*MHL&. 

ffi O. 0 0 5To r r > SAS*3 0 0W, S i H4 : 

CH4 : PH3 :H2 =1:2:0. 0 1 : 2 0 0, 1 

«*as3oo° ct&s. acfcm^tf—AjMfttBftffi 

O) ^6 0 OAfilfco 
[^iftffiiE 5 ] 

[ffliE^t*^*] mmm 
miEM&mm*} ooi6 

MGEMH 

[0 0 16] g|Jfi0}|2 

3fclC, nffl*»a^U3>i«S»Vifc»&T*^ 0 
1 (b) ttnI»HSi5/U3>fflS*l^i$0*8 

( (10 0) W, ftfi$3-5Qcm) CPgffifc A 1 X 
lJAu^Sb§IflTt-^^^3>^^h$t§ 0 

U X^T;V3-^:»K (4 8 %£>**&$&) =1 : 
i©R«*l;:Hf. foMMtce 
*BB*f*lt. t©M*i:nS'>0 3>SKfifitf 
£ a ^^9[:Ltfffi^3 0mA/cm 2 fcH£L» 
3»R«Mbj£&fro&. £<Z>fi£, 0 2 (b) fc^-TJ: 
51c, *dFLH^U3>$^«-rsffiJc^>^X^>7> 

»Wgt»?Llt'> T J 3 >0SB07tfittB$% 0 Rftfr* 

^ □ hn>*»y7Xrc VD«fil:xn 

paioBtta***^ *#a«^u 3 1 

ISA®* 3 0 0W, S i H4 : CH4 : B2 H6 : H2 
= 1:2:0. 0 1:2 0 0, lftl«3 0 0° CTft 
£0 *lC«^fcr-A3K#S»£JBV^ ITO£6 0 0A 

[^««IE6] 

[»IE#*JB@*] 02 

HliE3rtt] 

HUE A*] 

[02] 



7) 



—75— 



(8) 



4$H¥5-2 0 6 5 1 4 



(a) 




(b) 




—76— 



